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£ ifflJEieH ^-Sl- #i=- 7M^J1 ZL ^• 

£ 1 

>ffli=iiH, -e-71 ^ ^fl, #^*> 
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= ^ 3-7} 2) ^-7}^±% ti]^^ ZL^-^> 

^{Nonlinear optical nano-sized macromolecules with dendritic molecular 
skeletons} 

##tr -Ml 

S. l£r -a=e)^(Gl-3DIADC)^) ^7l^> Afl7H a}^ $.7}^ 7\)^9] 

ZLBfll. 

£ 2^r ^JEL^S] ^7lW^l^^) 80H^l^i^ ^-SflH 



D fl^ tfl^ojjl Sgig ^ A}-^^ o.^ ;£ ^7>1- cjlc^^el-Jl 

^ *r SX^. ^}^o] u]\°- 3. ^ ol^-o. J7«-^(#&1H)^ til 

^^nV Jl^> ^j^-^ Cf5 7ll Cfl^l^ Ol^-JT, -g-xj-ig: §17} 
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1020030029961 #^ <3}x\: 2003/9/6 

*fl-f €• #3* &tj-. 1978\i ^-tCBuhleier.E)^ (Synthesis 1978 

155 H 3 2:5. zi ^S^l ^^^171- o] j=l igsoid 5^ 

(Tomalia, D.A. ) tfl^J ^-o]^ 5.<$ * 
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1985 17, 117-132; Macromolecules 1986 20, 1164) fHgslfe *r2f 

^*Rr u 0 v ^*r ^*rfe u o v ^S ^a}^ ^ &UrHl(Aldrichim. Acta 

1993 26, 90; J. Am. Chem. Soc. 1990 112, 7638; J. Am. Chem. Soc. 1992 114, 
1018), ^*\) n^-ef ^££1 7>^cfl <££Z\ 7j i+ 7\9\ 

*H &7H 4°<J=tr ^^H^o]^ ^"-g-7l# ^ XZ^l ^- ^ & o. 

3-g-7l!- jE^f^s*) 4°o^Hl °l-§-€ *r 214. oii-o. cf^^ > 
JLi, DNA^ ^ til^*V 7 r ^ ilS*) ojs. o^^oi) ^o. -g. 

^ ^^l^SAi <£^7 r S]^ #t}. 2)e<ffl <>><S* 

<3^l0I7} ol-g-£]^cf.(Angew. Chem. Int. Ed. Engl. 1994 33, 1739) -8-*r*r>fl 
^-^3]^^ €(J. Am. Chem. Soc. 1997 119, 2588WM- 

iffl:=eH(Chem. Rev. 1999.99, 1689) ^<>1 , -fM iHJ-tM 

^ ^JL-ir-i- ^7M^l7] <£^-7> %^>7fl *l*g£j:n 

$14. (J. Am. Chem. Soc. 1996 118, 5326; J. Am. Chem. Soc. 1994 116, 4537) 
°1 SHI ^ ^l^s^H g-^^S. ^l^slJl SUrC-fl tfiJjL-g- 

tb4. (Macromolecules 1990 23, 912; Adv. Mater. 1996 8, 494). 
^flCChem. Mater. 
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1999, 11, 1966)^ JL&x} *M 4-°) ojsfl <13 <&^°1 

S.^ AV-g-o^l *>7fll- iL<*| olcf. ol6fl tij*fl Wl^Tg^ -B-71 

-S^-^Sl- f-^-S^l JL-g-7}<q 7>^ JR^ ^flo} 7 fl ^-o. nfl _o 

3^ ^} »^ *]al $14. °1 ^-g^Kr #£"7>7> ^^TT y o V 

^ofl 4^ ^A>^ S ^1 7]&£\ JL&Z}^ rfs 

^ Tltfl ^7>^ JL^l- 7fl^H -g-§-^°Hl^ oj-g-*fl ^j7^} 

^l^s>Jl $14. (us5, 659 ,010; us5,496,899; us6,001,958; J. Am. Chem. 
Soc. 2000, 122, 3174; Thin Solid Films 1998, 331, 248). JL£-*}£| ^ 

-f Hl-S^-fr #£-7} ^^-fr 33 ^ ^7}5. A>-g-3r>7l ofl U-^o] ^ 

$XJL iE*V ^Af^cH] |7WS t^^o) 3*1^-0.^*] ti]JiI 
<EH1 5^3^ ^^711- oil ^ ^ « ^ Si 

^3 ^-7>^7lll- & ol-g-^ig ^-Afl^- «^ AVojS. ^^1 A]^ -5= o^d- 

. -H^> #lMl £°j5l^r ^7f#o] ^ E ol^-ol ^--o ^ ^ 
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1020030029961 #^ <Q*}: 2003/9/6 

9l£~i- ^*Rr ^>3ll-i-ol igi-^Sjji &cJ-.(Appl. Phys . Lett. 2000, 77(24), 
3881) 

< 6 > -a «vtg o. ^3 £i=. ^ 7 ^o\] ^o.^., on- 

<7> ^,g. i^s^i teen fit #TT 7fl^>Jl ZL ^ 

<8> 7)#ofl t^^l -R-71 A>-g-^]-J7 ojff ^ofl o| 

^ «fl-f tfl^ol ^^A]^ ^ Jl4* %^l7lJ17l- <5}^t-fl S. 

^ of-Sr^ ^-^ol^o] #^ ^ofl «-Oj^ ^.^g. ^o]] 7 l ^ 

^ 7^ ^-7V# ^A^jjT. £*1 nfl^^- Af-g-^} & 
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<9> <4 ^-O. ^§>7l §>7l 5^*} 1-4 3^ 2 

S^s)^ ^^O] -ft- 71 13-^12- Wl-azf 3^*} 3, 5)-^4(G3-l) ( s}-^5( 
G4-2), sK^^-S), S^7(G3-4) ^ 2(Gl-2, Gl-3), «]-§-^ 4( 

G2-2, G2-3), ^-g-^ 5CG3-2, G3-3), *>-g-^6(Gl-l) , #-§-^ 7(G2-1), «V-§-*l 
8CG1-4, G2-4H1 ^# ^sfl ^tbt}. ^ 

, oj-i- sj-^-^-(Gl-l, G2-1, G3-1, Gl-2, G2-2, G3-2, Gl-3, G2-3, G3-3 

, Gl-4, G2-4, G3-4, G4-2, G4-3)£r 5|-«)-^l4 2 °\) -^-^l 

IH^^ sin ^-8: -S-*H ^-S-^l 9, 10, 11, 12, 13, 14<M £.0)^ 

<io> i] 




AIDC DRl DANS DANI DASS RDAS 



R, R" - H, Ph, alkyKC,-^ n = 1-1 1 &r 
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<n> 2] 




DDRl DDASS DRDAS 

B = aUo'KC,^), C0 2 -alkyl(C,~ (i ) R. R" = H. Ph. alkvlfC-O n = 1-1 1 *r 



Dendrimer f2f 2)^6)} t^o} sfl-^ OH 4 -§-7 11- ^-^-*>J1 

#3 ^ltflssf ofl^s ^o_s. Gl-1, Gl-2, Gl-3, G2-1, 

G2-2, G2-3, G1-4.G2-4S. 5*1 € T^cfl 
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<14> [*Kg-Ai !] 




HCT "OH 



HOCH 2 CCl3/H 2 S04 



benzene 



PhCH 2 Br/K 2 C0 3 




C0 2 H 



Bu4NBr, acetone reflux 




(T "O 
I I 
CH 2 Ph CH 2 Ph 

(2) 

COjCHsCCb 



(1) + (2) 




or DCC/DMAP-TsOH 




PhCH 2 




C0 2 H 

6 

o o 

(4) 




^C^Ph 



^CH 2 Ph 
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<15> [ti>-§-Ai 2 ] 



#3 H*}: 2003/9/6 




6 ^ 



PPtyDEAD 



orDCODMAP-TsOH 



OX 




X= PhCH 2 (7) 
= H (8):Gl-3 



m ^ 10%Pd-C/Ii 

(5) or (7) (6) or (8) 
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<ie> [a>-g-Ai 3] 



PhCH 2 C> OCH 2 Ph 

10T 



(X OM 



PPhj/DEAD 



(4) + (1) 



orDCC/DMAP-TsOH 




PhCH 2 0^^ o o<# L^^OCH 2 Ph 
OCH 2 Ph OCH 2 Ph 



M=CH 2 CC1 3 (9) 
= H (10) 



Zn/CH 3 C0 2 H 
(9) THF < 10 > 
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<17> [tiV-g-^i 4] 




G = OCH 2 Ph (11) 

= H (12): G2-2 



(4) + 




G = OCH 2 Ph (13 ) 

-H (14):G2-3 
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<18> [a>-g-Ai 5] 



^ 2003/9/6 




G = OCH 2 Ph (15) 
= H (16):G3-2 




G = OCH2ph (17) 

= H (18):G3-3 



(15) or (17) (16) or (18) 
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<i9> [y}-g-^] 6] 



oo 




<20> [aV-g-Ai 7] 
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<21> 8] 
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<24> 6] 




(31):G3-4 
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<28> [ti_V-§-Ai n] 



M 2003/9/6 



Gl-3 (8) + AIDC 



<29> [ti>-§-^l 12] 



G2-3(14> AIDC 




(35) G2-3 AIDC 
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<3i> [tiV-g-Ai 14] 



G2-3(14> DAIDC PP ^f )E ^P (37) G2-3 DAIDC 




(37) G2-3 DAIDC 



(1)3)- (2)2] #Dfl^ a> ^*fl*HH X\oho\)^ ^ iEj |e^ 

*>^^-. °1 ^^-a- Bi^l^S^-c)- DEAD(diethyl azodicarboxylate)# 

-§-^ Mitsunobu #-g-°fl ^sfl^S <£^r ^ S^l^ ^Jf ^^fel -Sf«} 
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T L S7> l,3,5-S^^H = s.Al Bjl^ A>-g-SH 2]4H 

^t}"* f^H ^^^l^lJL tfB^nfl^Hl^i =ri|7}oll <t 

*M ^-§"8: ^ c^b] ^*Hir ^sfl"*] Gl-21- 

^mX} «^ SP3 ^» ^ ^-f l,l,l-HB]^«Al3fl^ 6\)^ 

# *}-§-3H l^H Gl-3^ %n ^ ^.cf ^ 

lH*l «>4^H 3]<*1M j±o] |a|o S 

°]# ^^^1 [«h§-^ 2]£] ^1^- ti>-g-4 ^ ^5. 

1- t^:^ 4]°1M ii^i 24 tfl ifflJ=eH ^^^](G2-2,G2-3)* 4^ 

*>53^-. -fr^Tfl 34^ ^iffl^eH #^l(G3-2, G3-3) [«]-§-^ 

5]S* ^-o] uv s - oi^cf. 

r^O] A|EH^ JijLl- «W ^M^-fr A>-g-sV^q-. O]^ CflC^^ ^ 

^ ^-f ^ SP3^ £±r ^-f 44 1,3,5-He) 

^ Gl-1, G2-1, Gl-4, G2-4^ 4^ ^ SUS^. #4*1 7l#sj^ ^ tf<#^ 

Jl^^ cflc^o] ^s.oJ ^ o. o}<^ ^ ^ tiV^- 4^^- -S-^o^ 

^Tfl ^ oj^jl oj^*- ^-cl ^ o. *jj^ 7l ^ Jf-^a} 

^l^^f^JL, ^-i-Ei 3^>£ZlSfl^l- -S-^H -g-*}^ ^£7f ol^^o] # 
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1 ^ 3*«H 2^1 M-E]-\+ 3^ ti_V-§-^- 5L°^H ^ %n 

<35> 1] 

<36> 3,5-^*1 «^1«31^( 15. 9g) 54 1, 1 ,1-He] #5.5.^1 ^(18g)^r lg^ 

*f M-g-t^HH 2<a# ^S^^-7l# iiBS l±J:^tf 

(1). 3 ( 5-q*]^Alafl2;A>«- t^S^l^iM-^ €^fl*Hl 

^ 0m «V-g-^>«uf(2). o}%?ft ^ o3o^ ^-4^ # ^ (1)S! } (2 ) 

1- 2.86g, 7.02g* 5.8gS] h^^^S^^ ^ El|E5}5|£i ^ 

?H1(60mL)ofl ^r°lJl 0°C°1H DEAD(diethyl azodicarboxylate)-3.5mLl- €€^1 
^7>a]^ *]--§- Aj^rf. 1Al ^> ^jz.6\)*\ jnztiV^ * -g-nin- 2/3^ £ 7><y- 

^ iM^s} *^ -§-^(3)* <S$m. <y<^^l #^(6.6g)* 3^ 

o>o^ 7 }^<z\. o>^EAV_ E flE^ic^^ (30mL _3 0mL) o]i i-o] j=L oao^ ^ 

18^1^- S^l-^cf. o]^ ^ ^lTis-l-Jl 6\}^\. 

<37> ^-nmr (400MHz; -g-°fl : DMS0-d6; 6ppm) 7.80(s, 2H) , 7.65(s, 1H), 

7. 47-7. 30 (m, 24H) , 7.06(s, 2H), 5.15(s, 8H, benzyl), 3.39(br, 1H, -OH). 
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<38> 13 C-nmr (-g-nfl: DMS0-d6; 6ppm) 165.77, 163.91, 159.65, 151.02, 136.59, 

133.17, 130.49, 128.50, 127.99, 127.69, 120.59, 120.44, 108.70, 107.82, 
69.72. 

<39> [^A]ofl 2] 

<40> o^ofl^ cgo^ 1-^(2)4 #^(4)# 3.6^-^^r 41 *H l,l,l-B2l^E 

^a>4 ^ aV-g-oil o^fl ojo^ ji^Sj-l-(DPTS) 1.5^4 

^oIdIjb(DCC) 3.6^-^ MaHM oHl^ -g-ofl^j ^^j. * Aj-^-oD^ ^ 

2<a# S^^cf. A^Aj^ ^^a]^ ji*n^-§- ^t^ji <>HI^-8: 2 /3^ 

£ XI Tit!: 4^- *im#°fl t^iEis} «S<H*l #^ (7) ^ (13)* ^£1 

SiiLnflEHl &&*\ ^91 ^ ^ ^^-ir* ^T>*>J1 3« 0 V ** 

^ 10%Pd-C * ^iM] wis. 5%7>^= ^7>*1t4. 
<4i> j7<y-o] tiKg-7]!- °l-§-*M 9= 10-15 71^ ^4i*HH ^ 1^ Aj^lcf 

. ^^M^ Pd-C-g: ^T^Jl iSeMB* °]-§-*H ^afl^tf. 4^ 

4. 

<42> G1-3C8) : iH-nmr (400MHz; -g-nfl : acetone-d6; 6 ppm) 8.75(s, 6H, OH), 

7.25(m, 12H), 7.16(s, 6H), 6.66(s, 3H), 3.23(s, 3H, CH 3 ). 

<43> 13 C-nmr (-§-°fl: acetone~d6; 6ppm) 165.37, 159.61, 150.33, 147.22, 

132.29, 130.40, 122.14, 109.08, 108.63, 52.46, 31.05. 
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G2-3C14) : iH-nmr (400MHz; -g-ofl : DMS0-d6; 6ppm) 9.79(s, 12H, OH), 
7.96(s, 6H), 7.72(s, 3H) , 7.32(d, 6H, J=8.7Hz), 7.21(d, 6H, J=8.7Hz), 
7.02(s, 12H), 6.56(s, 6H), 2.35(s, 3H, CH 3 ). 

13 C-nmr (-g-nfl : DMS0-d6; 6ppm) 164.40, 163.21, 158.82, 151.46, 148.76, 
146.41, 131.25, 130.04, 129.51, 121.44, 121.07, 108.30, 107.95, 51.53, 
33.51. 



<46> t'gAH 3] 

<47> G1-3C8) 0.69g^f 6. 3^(4. 85g)£] £t5.5LiDAIDC(S|- 

«H2<*IM B=CH 2 , R=CH 3 , n=D* ^ EflB^l^ S^UOmO^l ^91 ^ 

S^ofl^i 8.4^^ H^^l^i^(2.12g)^- ^7>^ DEAD(1.34mL)-i- 
2*12: 30-& #^J5.S. 1/4^ ^7>Al^cf. #^0^ i<£ jnav*l $ 

(0.3LH1 ^^cc^ ^j^Al^cf. <£o^ ^Stb * 4*1 3lH 

b^SS.^-^ 12% ^7flH]S. ^ cfA] ufl^ofl ^H^j^i^H ^^-^1 3SE 
ifif al-g- ^7^534. <£o\& g*. «-n s v G1-3DAIDC (34)^ ^I^dS 

<48> iH-nmr (400MHz; -g-nfl: CDC1 3 ; 6 ppm) 7.36(m, 28H), 7.23-7. 10(m, 13H) , 

6.99-6.95(m, 15H), 6.81-6.66(m, 49H), 6.54(s, 12H) , 6.34(s, 6H), 4.95(s, 
12H, -PhCH 2 -0), 4.11(br s, 24H, QCH2CH2N) , 3.77(br s, 24H, 0CH 2 CH?N) . 
3.05(s, 36H), 2.48(s, 24H), 2.38(s, 24H), 2.26(s, 3H), 1.00(s, 72H). 
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<49> uv *^ i^H^: Xmax = 505nm(CHCl 3 ) 

<50> -8-e)^ 0 l^:£(Tg, DSC<1^)= 165°C 

<51> 4] 

<52> tt^£e]°1 31 G2-3C14) 0.505g-4 13. 2^(3. 5g)^ 3.S2.5EDAIDC( 

n^2°])^ B=CH 2 , R=CH 3 , n =D* ^ = S^?K30mLHl ^r°] 

^ S?HH 14.4^-^^1 HBl^l ^3.^(1. 25g)* %7}& chg- 

DEAD(0.77mL)-i- 8*1 # 30^ Q^SLS. 1/4^ ^M^cf. ^ofl^ i«y JZ*Y 

^ 4*1 EflEe^-^c^^^oll 12% ^-71) HIS ^ ^ t\-X\ u\)^o\] zfl^SH cr| 
3S£I2} «>-§- -^M* ^171^^4. £<H*! ^ ^ G2-3DAIDC (37) 

<53> iH-nmr (400MHz; -g-nfl : CDC1 3 ; 6ppm) 7.91-7.25(m, 56H), 7.23-7. 10(m, 

15H), 6.99-6.93(m, 24H), 6.81-6. 53(m, 99H), 6.54(m, 25H) , 6.33(s, 24H), 
4.95(s, 24H, -PhCH 2 -0), 4.09(br s, 48H, CQJgCH 2 N), 3.75(br s, 48H, 0CH 2 CH 2 
N) , 3.08(s, 72H), 2.53-2. 18(m, 99H), 0.99(s, 144H). 

<54> uv ^ : xmax = 505nm(CHCl 3 ) 

<55> -fHM*l°l£:.£(Tg, DSC<1^)= 145°C 

<56> [*J*H 5] 

<57> *2*Hl3^ 4°1H rfli^Sl %n JL&z} ^-E-SM §2} i g -g. 01 15^%: 

%o] -g-ott-g. nVs.71 ^sfl l,2,3-HB]HS££St -§-"H(20gHl ^ 10*1 # ^<?> # 



37-29 



1020030029961 #^ 2003/9/6 

^5$t}. 0.2/im^ ^^#(PTFE)# -f^H D l 

^ °J7>« ^Ti^t}. ITO-n-e] 7l#ofl q t§ (600rpm/20sec)* s>ji 

ol» 150 o C^SHH 10*1 # Td^M ^ 2 ~ 3/rni s] £±± ^f-^- <g°i 

cf- °1 ^ofl ^-§r ^ ^(O.ljam)Al^ ^ ^* ^Vl-^A^ 

3 ^.g- 54s}7l €71^^]^ *>9I^. 

°l A oMl^ ^^tt ^£ ^*H1 ^ ^-g-^Hl ^sl^ ^ 

o] o>u)X!, -M- ^.g. ^o^xl ^ofl^ 7} x] 

4^ ^Efl^ JL&Z} £±=. H)^^^-*J- ^-^o. 

#m ^-8- ^ fiSl4, 't^H 

^ «1^ ^ -E°J°1 -g-°-l *>°^^, -3*8 Jl^-7>oil 

^ 7)*\ 1-7>^*1 ajtfl 78%S nfl-f ^Oj ^ &&cf. 

^ Jl^-7>^ -§-°n &-±. ^-i- ^^^1 ^7lt!- T 2t ^ v 

^ZL Xl7l nflS-ofl 9i^^o) ^ 7fl^"^ ^ 
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#-§"4! ±7%3.*\ %^<>} £JL 91^. 

<60> [5. 1] 



Dendr imer 


Tp(pol ing temp) 
opt i mi zed 


EO-coef f icient, ^(pm/V) 


Dye(AIDC) 
content , % 






lOOV/^n 


150V//an 




TDAIDC104 


133 °C 


26.6 


36.2 


76 


THPEDAIDC 


165 °C 


19.6 


28.0 


78 


G1-3AIDC 


160 °c 


19.0 




77 


G1-3DAIDC 


170 °C 


29.3 


43.4 


77 


G2-3AIDC 


165 °C 


21.0 




75 


G2-3DAIDC 


170 °C 


19.5 


25.7 


76 



^7R> afl 1 (electric contact poling)^ 7}^ ^r£(Tp)7> ^£l$°- 

^ ^€ ^l^El^iflo]] ^fliBrKr ol^^o] ^-xrtcf AIDC o) oj^ J?- 7^5. Tfl^ 
^e1*>SS4. TDAIDC104S1 ^-f -H-el^o] ^- £7 > ^>^m ^ 

-^1^1 o]^ c^lce)^ ^ ^^^l €^fl nfl^ 

°1^ ^7l^HAi tifl^Al ^ -gr£3:^ol cfs -^o)] »] *fl ^ ^#1}. ^ 
71^ Tfl^r 7\n& ^7RH1 r^g} ^^^7]. *)%)is}^ <£*V^°) o] 
l-^lr^l^S ^ <i32=eH^<?} oil- #^1--^ ^tgiV ^-^(^^.oj- 

<62> £ 1^1^ ^*}-^1^5lol(Gl-3DIADC)Sl ^71^- ^fl7Hl ^71^" «}- 7^1^^- ^SflH 
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<63> xi^H <g<H*L SHI ^ 413^ £ ^*>7l^*H #7l#*HH tifl 

0 lf^i4. 7]&4\ fceH #^ ^3 ^RHl 4^ ^ -R-el^H 

^ TDAIDC1041- afl^ € = #^#^r 

^=10-15%^ ^o] wv^^ * tH^-a: -fM *}<%t\-. 100°C°1H ^^^1 

^^Htt t±± ^ TDAIDC1045] ^ 3^7} & 2] 80%7> ^ 

^Sl&JL Cf^- #^l-^r 30~40%^] $1^0.14 91^^. 

<64> £ 2 <>1H ufl^ ^ cjic^^o^ #7l#iq-7fl^o) ^£^1 4^ «yr^^(80°C)^.Hfl 

<LM^(100°C) ZLBflHl- H-Bj-ifl&t}. 



^Bfl^ j^]. Hj^#*V 7fl^fjl 
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tfe Jl^>^ #^ 5fe ^lqjl &o.^, ^ if 

^ aL«-*V3 ^c}7l ^-ofl l-^t!" JS-^i ^ ^l^tb ^Sl- g 

^JL nfl^-ofl <g;*} #*J-^ ^^o] ^ 7 fl^ 

* *1H ^ ^ 91913. o]^. <^Efl = 

^^flSAi ^-^^ol #^o] 3} jpg-g- ^ ol^ 
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[^t 1 * 1] 

2] 

t^T 1 *. 3] 

l<Jfl &°H, ifflH-SM SH^fe- ^>^1 *b£°ll nq-ej- l^tflofl 

Ai *H51 6MM2\ £fe 
4] 

■8-71 £-*Rr AIDC, DR1, DANS, DANI , DASS, RDAS, DAIDC, DDR1, 

DDANS, DDANI , DDASS, DRDAS ^4 ^ f2t ^ #^^1 ^fl . 
[^T 1 * 5] 

W^S-M ^J=tiH -^7) 1H}#4 Hi tf 0 ^ til^S.^ 

*1# ^-Bfl^- Wl^^o] ^ 7fl 
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[3^8" 6] 

H] C1<^H C16?}*1^ «oH^ ^aHrdfc. 31 1<?] i7|. 

7] 
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1] 




0 25 50 75 100 125 150 175 200 

applied field(V) 



[51 2] 



Relaxation of electrooptic coefficient at 80°C 




tjme(rrin) 
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[S 3] 



Relaxation of electrooptic coefficient at 100°C 




tinrB(nin) 
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